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Abstract 
The solubility of N2O in MEA and AEEA were measured at concentrations of 30wt % and pure solutions for the temperatures 
between 298 and 343K. The solubility of N2O decreases as the amine molecular weight increases in 30wt % solutions. In pure 
amine solutions the trend is opposite. Solubilities of CO2 and N2O in water were also measured in the same range of 
temperatures. The ratio between the solubility of CO2 and that of N2O in water is dependent on temperature but an average value 
of 0.72 can be used. 
© 2008 Elsevier Ltd. All rights reserved 
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1. Introduction 
Removal of acidic gases, e.g., carbon dioxide (CO2), is an important industrial operation. Carbon dioxide is 
produced in large quantities by many important industries such as fossil fuel fired power plants, steel production, 
chemical and petrochemical manufacturing, cement production, and in natural gas purification. The reasons for CO2 
removal are traditionally technical and economical concerns. Carbon dioxide present in natural gas will reduce the 
heating value of the gas, and as an acidic component, it has the potential to cause corrosion in pipes and process 
equipment and also to cause catalyst poisoning in ammonia synthesis. However, environmental concerns, such as 
global climate change caused by the greenhouse effect, are now focused as one of the most important and 
challenging environmental issues faced by the world community and have motivated intensive research on CO2 
capture and sequestration [1]. On Earth, the major greenhouse gases (GHG) are CO2, methane (CH4), and ozone 
(O3). They are currently responsible for 36-70 %, 9-26 %, 4-9 %, and 3-7 % of the greenhouse effect, respectively 
[2]. Human activity since the industrial revolution has increased the concentration of various GHG, leading to 
increasing their radiative effects. Fossil fuel burning has produced approximately three-quarters of the increase in 
CO2 from human activity over the past 20 years. Most of the rest is due to land-use change, in particular 
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deforestation. The present atmospheric concentration of CO2 is about 385 ppm by volume. Future CO2 levels are 
expected to rise due to ongoing burning of fossil fuels and land-use change.  
2. Solubility 
Carbon dioxide capture by absorption is one of the most common industrial technologies today. For economic 
reason, a chemical to be used as a commercial absorbent should meet some parameters such as low solvent cost, 
high net cyclic capacity, high reaction/absorption rate, low regeneration energy requirement (energy-saving solvent), 
etc. Aqueous alkanolamine solutions are commonly used chemical absorbents for the removal of acidic gases. In 
addition to monoethanolamine (MEA, H2NCH2CH2OH), 2-((2-aminoethyl)amino)-ethanol (AEEA, H2N(CH2)2NH 
(CH2)2OH) as a diamine may be a potentially very good absorbent for capturing CO2 from post combustion exhaust 
gases. It offers a high absorption rate combined with high net cyclic capacity.  
The quest for new absorbents for CO2 capture is very laborious. A tremendous amount of experimental work has 
to be done on characterizing the solvents with respect to different properties. The VLE and kinetic data of the CO2-
AEEA-water system were established and reported by Ma’mun et al. [3, 4]. In order to predict the rate of absorption 
of CO2 into solutions of, e.g. aqueous alkanolamine, in which it reacts, or analyzing absorption rate measurements in 
terms of reaction kinetics, the physical solubility of CO2 in the solutions is essentially needed. Since the physical 
solubility of CO2 in aqueous alkanolamine solutions cannot be measured directly as CO2 undergoes chemical 
reaction with the solvents; in view of the similarities of CO2 and N2O with regard to configuration, molecular 
volume, and electronic structure, N2O analogy experiments can then be carried out as originally proposed by Clarke 
[5] and verified by Laddha et al. [6] in which the latter investigated the solubility of CO2 and N2O in aqueous 
solutions of alcohols somewhat similar in structure to MEA and DEA. It was concluded that the ratios of the 
solubilities in the various solutions were constant and that the N2O analogy held for all the solutions up to a 
concentration of 3M. The CO2-N2O analogy may then be applied to estimate the solubility of CO2 in aqueous 
alkanolamine solutions in which the ratio of the solubilities of CO2 and N2O in water is the same as the ratio of the 
solubilities of both gases in the alkanolamine solutions according to the equation 
2 2
2 2amine solution water
solubility of CO solubility of CO
solubility of N O solubility of N O
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                    (1) 
The objective of the present work is to determine the physical solubility of CO2 in aqueous solutions of MEA and 
AEEA by use of the N2O analogy in a range of temperatures from 298 to 343K. In addition, the solubility of CO2 
and N2O in water were also determined and compared to literature values. 
3. Materials and Method 
Sample solutions of MEA and AEEA (purities >99.0 mass %) from Aldrich were prepared from the received 
chemicals in mixtures with deionized water. The N2O (purity >99.999 mol %), CO2 (purity > 99.99 mol %), and 
nitrogen (N2) (purity >99.6 mol %) gases used were obtained from AGA Gas GmbH.   
The N2O solubility apparatus as shown in Figure 1 is designed to operate at pressures up to 200 kPa and 
temperatures up to 100 ºC. It consists of a 1.2-L stainless steel cylindrical gas vessel, a 750-mL absorption flask, a 
Janke & Kunkel motor (Model RW 20 DZM), two pressure transducers (Druck PTX 610 and PTX 7517-1 with 
accuracy ±0.3 % and ±0.1 % of full scale, respectively) and two K type thermocouples with accuracy ±0.1K. The data 
acquisition uses FieldPointTM FP-1000 and FPAI-110. 
The N2O analogy experiments were conducted in a thermostated double stirred cell. A vacuum pump was used to 
depressurize the cell and to lift the solvent up to a certain level (a400 mL). The amount of solvent added was 
calculated by difference. The solvent was then degassed to a certain pressure by the vacuum pump and heated to a 
desired temperature. A cooling medium was passed through a condenser to minimize evaporation losses of the 
solvent during the depressurizing period. N2O was then added and the total amount of N2O added was calculated by 
difference. Equilibrium was obtained when the temperature was established at a constant value and the N2O 
concentration in the vapor phase was constant. This took about 3-4 hours. Analogue to the N2O solubility 
measurements, the solubility of CO2 in water was also conducted in the same apparatus with the same procedure. 
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The compressibility factors of CO2 and N2O in the gas phase were calculated by the Peng-Robinson equation of 
state [7].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. N2O solubility apparatus 
4. Results and Discussion 
4.1. Solubility of CO2 and N2O in Water 
In addition to provide a new set of data, the solubility measurements of CO2 and N2O, in terms of Henry’s law 
constant, in water in a range of temperatures between 298 and 343K were used to validate the apparatus. All the data 
for the solubility of CO2 and N2O in water are in good agreement with the data published in the open literature as 
shown in Figures 2 and 3. However, a discrepancy in the literature data for CO2 solubility in water [8-24] occurs 
especially for temperatures higher than 308K in which the data of Morrison and Billett [15] were much higher 
compared to those of Versteeg and van Swaaij [20]. The temperature dependency of the Henry’s law constant can 
then be expressed in the form  
1 2 3 4ln ln   H C C T C T C T       (2) 
where coefficients C1 to C4 were determined by regression from 123 data points obtained from the open literature 
including the data from this work and are summarized in Table 1. The results from this work are in good agreement 
with the data of Versteeg and van Swaaij [20]; the data from the open literature that are off were then excluded in 
the regression such as the data of Morrison and Billett [15] for the temperatures higher than 308K and that of 
Markham and Kobe [13] at 313K.    
In addition, solubility data of N2O in water were also collected from the open literature [8, 12, 13, 20-39] together 
with the data from this work to determine the coefficients C1 to C4 by regression excluding the data of Markham and 
Kobe [13] and those of Al-Ghawas et al. [29, 30] as the data of those investigators seem off compared to other 
literature data.  
Based on the Henry’s law constant calculated from the regression, the temperature dependence of the ratio 
between the solubility of CO2 and that of N2O in water was determined as shown in Eq. (3) and Figure 4. The ratio 
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decreases as the temperature increases. For temperatures between 273 and 360K, the ratio was found to be ranging 
from 0.62 to 0.77 with an average value of 0.72. At temperature of 298K, the ratio is about 0.77 which is higher than 
that determined by Laddha et al. [6] in which the ratio of the solubilities in water was found to be 0.73. 
 2
2
5 6 7 8
inȱwater
exp lnCO
N O
H
C C T C T C T
H
§ ·    ¨ ¸¨ ¸© ¹
 (3) 
where coefficients C5 to C8 are -118.7848, 2580.65, 21.6287, and -0.044901, respectively. 
 
Table 1. Temperature dependency of the Henry’s law constant in Eq. (2) 
system  C1 C2 C3 C4 T, K na) source 
CO2 – water 1568.71 -46708.8 -267.184 0.396745 273-360 123 this work, ref. 8-24  
N2O – water 1687.50 -49289.5 -288.813 0.441645 273-360 117 this work, ref. 8, 12, 13, 20-39 
N2O – 30wt % MEA -4052.21 110950 704.824 -1.097938 298-343 16 this work, ref. 5, 40, 41 
N2O – 30wt % AEEA 2139.92 -61659.5 -367.293 0.563574 298-343 12 this work 
N2O – 30wt % DETA -1077.23 29072.0 188.640 -0.289854 298-360 22 ref. 24 
N2O – pure MEA 1108.91 -32466.4 -189.014 0.284374 294-357 11 this work, ref. 42 
N2O – pure AEEA -2165.70 57782.0 379.339 -0.609003 303-343 5 this work 
N2O – pure DETA -165.415 4728.35 29.5141 -0.036904 298-361 15 ref. 24 
a) number of regressed data points  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Solubility of CO2 in water as a function of temperature: Ɣ, this work; ż, ref. 8-24; solid line, regressed data. 
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Figure 3. Solubility of N2O in water as a function of temperature: Ɣ, this work; ż, ref. 8, 12, 13, 20-39; solid line, regressed data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The ratio between the solubility of CO2 and that of N2O in water as a function of temperature. 
4.2. Solubility of N2O in MEA and AEEA 
The solubility of N2O in aqueous alkanolamine solutions are useful to analyze the results of absorption 
experiments in order to determine reaction kinetics, to be used in models for predicting the gas absorption rate, and 
as an independent check on the solubility predicted in thermodynamic models.     
The solubility measurements of N2O in MEA (pure and 30wt %) and AEEA (pure and 30wt %) were conducted 
at a range of temperatures between 298 and 343K. The results are shown in Figure 5 together with the data from the 
open literature [5, 40, 41]. It can be seen from the figure that the data of this study are in good agreement with those 
of Tsai et al. [41] but are, in terms of the Henry’s law constant, higher than those of Li and Lai [40]. The data of Li 
and Lai [40] were then excluded in the regression to determine the coefficients C1 to C4 in Eq. (2). Figure 5 also 
shows the solubility of N2O in pure MEA and that in AEEA (both pure and 30wt %) in comparison to the data from 
the open literature such as MEA from Wang et al. [42] and DETA from Hartono et al. [24]. It can be seen that in 
terms of amine functionality, i.e. mono-, di-, and tri-amine, the solubility of N2O in MEA (mono-amine) is higher 
7.0
7.5
8.0
8.5
9.0
9.5
10.0
2.70 2.90 3.10 3.30 3.50 3.70
1000/T, K-1
ln
 H
0.60
0.65
0.70
0.75
0.80
270 290 310 330 350 370
T, K
H C
O
2/H
N
2O
 in
 w
at
er
S. Ma’mun, H.F. Svendsen / Energy Procedia 1 (2009) 837–843 841
 Author name / Energy Procedia 00 (2008) 000–000 
than that in AEEA (di-amine) as well as that in DETA (tri-amine) at a concentration of 30wt %, but in the pure 
solutions the solubility of N2O in DETA is the highest compared to both the solubility of N2O in MEA and that in 
AEEA, respectively. The solubility of N2O in pure AEEA was found to be slightly higher than that in pure MEA. 
The coefficients C1 to C4 in Eq. (2) for these systems are presented in Table 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. The solubility of N2O in MEA, AEEA, and DETA: Ɣ, 30wt % MEA [5, 40, 41]; Ƒ, 30wt % MEA [this work]; ¸, 30wt % AEEA [this 
work]; u, 30wt % DETA [24]; +, pure MEA [42]; ż, pure MEA [this work]; ', pure AEEA [this work]; *, pure DETA [24]; dotted lines, 
regressed data; solid line, regressed data of the solubility of N2O in water. 
5. Conclusion 
Solubilities of N2O in aqueous solutions of MEA and AEEA were measured at concentration of 30wt % and in 
pure solutions at temperatures from 298 to 343K. The solubility of N2O in those solutions is dependent on 
temperature and number of amine functionalities. The higher the number of amine functionality the lower the 
solubility of N2O in the solutions at concentration of 30wt %. In contrast to the 30wt % of concentration, the 
solubility of N2O increases as the number of amine functionalities increases in pure solutions. In addition, the 
solubility measurements of CO2 and N2O were also performed at temperatures between 298 and 343K and the 
average ratio of their solubilities in water was found to be 0.72.        
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